FISHING FOR ANSWERS
There aren't many problems in biology that have remained unsolved for over a century. Yet one of these problems, the scaling of resting metabolic rates in animals with their body mass, has not only evaded solution but has even evaded description! The problem is simple, how does the amount of energy an animal uses at rest change with its size? The answer may seem obvious -a resting mouse uses less metabolic energy than an elephant because the mouse has a smaller body. But is there a single relationship that can describe the way metabolic rate changes with changing body mass?
The first evidence for a universal scaling law came in 1883 when Max Rubner suggested that the resting metabolic rate (RMR) was proportional to body mass (Mb) to the power of 2/3 or RMRϰMb 2/3 . This suggests that, although a mouse uses less energy in real terms than an elephant, relative to its body mass it uses more. One explanation for this scaling was that as animals increase in body mass their surface area doesn't increase as quickly as their volume, so large animals have a lower surface area to volume ratio and lose relatively less heat than their smaller counterparts. And if Rubner's result had remained uncontested then the surface area to volume ratio would have been a convenient explanation, but a more thorough analysis by Max Kleiber 49 years later didn't produce the same result. Instead, he found that RMR was closer to being proportional to Mb 3/4 . This posed a problem -the surface area to volume ratio explanation cannot account for the Mb 3/4 scaling. And despite 65 years of research, there was no explanation for the Mb 3/4 scaling. Then, in 1997 Bokma studied the scaling of RMR with body mass in 113 species of fish. Most previous studies have analysed RMRs in mammals and birds but a universal law should apply to all animals. Bokma also extracted data from 217 measurements of RMR that were already available in the literature and plotted all of the measurements against Mb. Over all of the species of fish analysed, the RMR scaled with Mb 0.715 . The problem with this relationship is that it falls midway between the two scaling relationships that were proposed by Rubner and Kleiber and doesn't support either one. Even more worryingly though for advocates of a universal scaling is that when Bokma analysed the scaling of RMR with Mb in individual species, it was clear that there was substantial variation in the scaling exponents. For instance, measurements of RMR were available over a wide range of body masses (0.1-600 g) for the trout Salmo trutta trutta and yielded a reliable scaling exponent of 0.86 -different again from the proposed Mb 2/3 or Mb 3/4 scaling.
Bokma is quite clear on his interpretation of these results -a universal law for the scaling of RMR with Mb may not exist. Certainly, the study emphasises that far more data and analysis are required, and possibly studies that supported universal scaling may also need to be reassessed as they may not explain much of the variation observed experimentally. One thing is certain, however; the scaling of RMR with Mb seems set to continue to elude explanation for many years to come. 
HIPPOS LEAD THE WAY IN MULTIPURPOSE SUN SCREEN
Flick through a fashion magazine this summer and you'll be bombarded with adverts warning against sunburn. In an era of ozone depletion and heightened awareness of skin cancers, many retailers are earning good PR points by stocking only high-factor sunscreen products; complementing their ranges with a multitude of celebrity-endorsed fake tanning lotions and potions. But with millions of pounds already invested in developing the next generation of sunscreen sprays, industry insiders may be more than a little surprised to hear that hippos, not humans, are leading the way in today's most sophisticated sun protection.
A recent study by Yoko Saikawa and his team at Keio University and Kyoto Pharmaceutical University in Japan has revealed that hippos produce their own coolant, antibiotic and sunscreen all in one. Chemical analysis of the pigments responsible for the famous hippo blush has solved the mystery behind the ancient myth that hippos sweat blood.
Produced by the glands under the skin, and therefore not strictly a sweat, hot hippos secrete a fluid that acts like sweat in helping to control body temperature. The massive beasts live in central Africa, mainly in the Nile Valley, where they spend most of the year under direct sunlight and searing heat. Their 'sweat' is produced as a thick clear fluid but turns red-brown within a few minutes of perspiration. This change in colour creates the famous hippo flush over the face, behind the ears and down the back.
Noticing that the animals produce more of this sticky substance when lazing on land than in water, scientists began to wonder if the secretion might have other benefits. Eager to discover more about the colourful liquid, Saikawa's team bravely wiped the brows and backs of two captive hippos to collect samples on gauze swabs. The researchers then extracted the chemicals from the liquid, concentrated and purified them, and ultimately isolated two pigments -one red and one orange. Naming the red pigment 'hipposudoric acid' and the orange pigment 'norhipposudoric acid', the researchers then set out to test the potential antibiotic and sunscreen properties of the fluid.
By trying to grow bacteria in the presence of the pigments, the scientists discovered that the red pigment acts as an effective antibiotic. Male hippos are renowned for their aggressive clashes with rivals, and antibiotic secretions may play an important role in minimising battle-won infections.
Satisfied at having solved one mystery, the researchers then turned their attention to the potential sun screening function of the 'sweat'. By measuring how much of the sun's spectrum is absorbed by the secreted pigments, Saikawa and colleagues revealed that the fluid blocks a good portion of the ultraviolet and visible spectrum (200-600 nm). The researchers conclude that hippo sweat cools the body and protects against both infection and sunburn. Not bad for an ancient lumbering beast.
Having unlocked the secrets of the multipurpose hippo flush, scientists may now focus their attention on discovering how the famous red-brown hue is maintained for hours after secretion. Multipurpose and long lasting -this hippo product appears to have it all. 
EVOLUTION OF TRUNK MUSCLES TO COPE WITH FOUR LEGS
One of the greatest milestones in the history of life is the evolution of fish into land-dwelling animals, with four limbs instead of fins. The transition to a terrestrial life required dramatic alterations in the animals' trunk musculature, to maintain posture and transmit forces to and from the limbs. In fish and higher vertebrates, the sequence of events that leads to the formation of differentiated skeletal muscle is initiated early in development. 
WHEN LEARNING CAUSES AMNESIA…
Simple 'model' organisms have made major contributions to our molecular understanding of learning and memory; for example, early Drosophila screens for learning mutants identified flies that displayed problems in olfactory learning. Subsequently, the genes dunce and rutabaga, responsible for the flies' impaired ability, were found to encode a cyclic AMP phosphodiesterase and adenylate cyclase, respectively. These findings implicated cyclic AMP as a major player in memory formation. Since then, elegant genetic mapping techniques have localised memory formation within the Drosophila brain to a pair of three-lobed structures called 'mushroom bodies'. Genetic ablation of these structures is known to produce flies that have trouble with certain classes of learning tasks. In a recent Science paper, Guillaume Isabel and co-workers have dissected the role of such ablations in different classes of memory and come up with a class of brain mutation in which, paradoxically, learning tasks actually reduce memory consolidation.
The paper uses two distinct protocols for olfactory learning. In the 'short' protocol, odour exposure is accompanied by 12 mild electric shocks; this is thought to produce short-term memory (STM), followed by medium-term memory (MTM), which is eventually stabilised into anaesthesiaresistant memory (ARM). There are mutants for each step; dunce and rutabaga inhibit STM, amnesiac inhibits MTM, and radish inhibits ARM. The 'long' protocol, by contrast, uses multiple learning sessions to produce long-term memory (LTM). How does LTM correspond to ARM? Traditionally, both derive from MTM and coexist for 24 h after conditioning. The authors show that in alpha lobes absent (ala) flies (which lack one of the three lobes of the mushroom body), memory was initially similar with both protocols. However, memory performance after the 'long' protocol was actually worse than for the 'short' protocol at the 5 h time point. This implies that, in ala flies (unlike wildtype), the more that flies are trained, the less they seem to remember! Loss of LTM is not surprising, as ala flies lack the necessary neuronal projections, but the loss of ARM requires a re-evaluation of traditional models. The data suggest that, far from ARM and LTM co-existing, LTMinducing protocols are actually antagonistic to ARM formation.
To further understand the nature of ARM, which had not previously been proved to be associated with mushroom bodies, synaptic transmission was blocked in each of the three lobes of the mushroom body in turn. The results suggested that ARM depended on transmission in the alpha and beta, but not gamma, lobes. Thus, LRM and ARM reside in the same brain regions and could interact antagonistically. Intriguingly, the authors then further overturned the orthodoxy by showing that rutabaga mutants displayed normal ARM, implying that at least a part of ARM is not dependent on cyclic AMP signalling.
This then leaves us with a very different model of olfactory learning in Drosophila.
Instead of all such learning moving through the cyclic AMP-dependent STM and MTM pathways, then diverging into LTM and ARM, which coexist in the brain, the authors suggest that the STM/MTM/LTM pathway is different from the ARM pathway but that both converge on, and antagonise each other within, the alpha and beta lobes of the mushroom bodies. It seems that learning and memory, even in this very simple organism, are not as simple as we had supposed. Julian A. T. Dow University of Glasgow j.a.t.dow@bio.gla.ac.uk differentiation pattern of the two muscle fibre types. Their results showed a remarkable difference between the tail somites, which are committed to cell death, and the trunk somites in the embryo's anterior region, which eventually will form most of the adult musculature. In trunk somites, the earliest formed muscle is fast. However, in tail somites, slow muscle precursors appear first and then migrate to the surface, as most of the somite differentiates into fast muscle. Later on in development, a second wave of slow fibres appears in all somites. Remarkably, the pattern observed in tail somites is reminiscent of that found throughout the whole body of fish. The team also found a thin layer of distinct cells around the surface of trunk and anterior tail somites, similar to that found in amniotes. These cells express the protein pax3, a dermomyotome marker, and hence, they are probably a homologue of the amniote dermomyotome. Next, the team began investigating the influence of hedgehog signalling in muscle development by overexpressing a transcription factor known as sonic hedgehog or blocking its expression in Xenopus embryos. They found that sonic hedgehog induces the formation of first wave but not second wave slow muscle fibres, just like in fish.
The similarities shared by Xenopus with both fish and amniotes during early muscle development provide new insight into the evolution of somite differentiation. It seems that muscle development in the common ancestor of teleosts and tetrapods occurred in a manner similar to that observed in Xenopus tail. The authors propose that the blocking of the normal hedgehog function in trunk somites allows muscle precursors to adopt fates other than first wave slow muscle; these cells can go on to form the dermomyotome, which generates much of the later muscle in tetrapods. Perhaps this evolutionary innovation was the key to the dramatic changes in trunk musculature that allowed our tetrapod ancestors, such as the crocodile-like creature Pederpes finneyae, to crawl out of the water and conquer the land some 350 million years ago. 
TOUGH TOADFISH: SURVIVING COPPER EXPOSURE
As a result of living in a hyperosmotic environment, marine fish lose water, and one adaptation to this problem is to drink continuously. The salt water that they ingest is then desalinated in the oesophagus before it enters the intestine where fluid is absorbed into the body. Unfortunately, any pollutants that are present in the water will also enter the intestine as the fish drinks. The toxicity of waterborne copper to freshwater fish has been widely documented and we know that, in particular, excess copper disturbs sodium and chloride homeostasis and alters nitrogenous waste excretion. However, little is known about the effects of copper on marine fish, which live in a completely different osmotic environment and additionally expose their intestines to waterborne contaminants by drinking.
In a recent study published in Aquatic Toxicology, Martin Grosell and colleagues set out to identify the key mechanisms of both acute and chronic copper exposure in a marine fish: the gulf toadfish. The toadfish is an interesting study species, firstly because it is particularly resistant to other environmental stressors such as hypoxia and air exposure and, secondly, unlike most other teleost fish, it can switch from producing ammonia as a waste product to producing urea.
Toadfish were exposed to a variety of waterborne copper concentrations either as an acute challenge for 96 h or for 30 days. Following exposure, the team measured physiological parameters to assess the impacts of copper on osmoregulation and nitrogen excretion processes. Drinking rates during copper exposure were also measured in a separate group of toadfish using a radioisotope marker.
In response to copper exposure, toadfish produced excess mucus that bound copper and formed blue-green-stained mucus-copper precipitates in the tanks. At first, toadfish showed an apparent aversion to the taste of copper and reduced their drinking rate but, after three days of copper exposure, the drinking rate was increased beyond that of controls. The authors concluded that the eventual increase in drinking rate was a compensatory adjustment to osmoregulatory disruptions, which included elevated plasma sodium, chloride and magnesium levels.
Direct contact between water and the gastrointestinal tract resulted in copper accumulation in the intestine, although this occurred later than accumulation in the gills. Amazingly, toadfish accumulated copper in their gills at levels 10-15 times higher than background. This unusually high gill accumulation has also been demonstrated in the freshwater eel. Interestingly, these two species, which exhibit high gill copper accumulation, are among the most copper-tolerant teleosts.
Finally, as well as osmoregulatory disturbances, the authors demonstrated a dramatic, copper-induced elevation of plasma urea. While, in other teleosts, a stress-induced elevation in plasma ammonia has been associated with copper exposure, an increase in urea appears novel to the toadfish. As ammonia is also toxic in excess, Grosell and colleagues pose the intriguing hypothesis that the ability of toadfish to convert ammonia to urea could function here in preventing ammonia toxicity. 
